Partial wave decomposition of incident beams is the first task to be performed to impose boundary conditions at the particle interface in the calculation of the scattering of spherical particles. The coordinate's origin must be in the center of the particle and not at high symmetry positions of the beam. This can be a quite complicated problem, especially when a full vectorial diffraction description of the electromagnetic fields and highly focused laser beams are required where the paraxial limit fails. Traditional approximation techniques have been used to proceed forward and to obtain numerical results. The main fault relies on a radial dependence of the beam shape coefficients, which limits the validity of such approximations. Here we prove that the radial dependence will emerge from the solid angle integration in this way obtaining an exact, closed expression, without any approximation, for the beam shape coefficients, for an arbitrary beam shape, origin and polarization, the special case of a Gaussian beam is presented.
INTRODUCTION
The evaluation of Beam Shape Coefficients (BSC) for incident optical beams has been investigated intensely in the last two decades. The main difficulty arises in the proper description of an optical beam near the focus of a highly focused optical system were the paraxial limit fails. This becomes more complex when it involves diffraction, compatible with optical setup of a high numeric objective where the back objective aperture is generally overfilled. When diffraction is taken into account, so does the polarization since it is now widely known that a linearly polarized highly focused beam exhibits all three polarization in the focus, the basic field we have to work with is the electromagnetic field and not just the intensity. Another wishful aspect of a good formalism for obtaining BSC is to describe it in terms of easily obtainable experimental parameters, in the case of Optical Tweezers (OT) the highly focused beam is generally located in an immersion medium with sub-micron beam waist, it is thus difficult to obtain the proper value of beam-waist parameter with standard methods of knife-edge or Ronchi-ruling for the OT setup. Most formalism begin treating the problem with an approximation due to the size regime of the individual scatterer, Rayleigh for particles smaller than the wavelength and geometrical optics for sizes greater than wavelength, which is inappropriate when the scatterer is of the order of wavelength and since it doesn't account for diffraction resonance effects are not taken in account. It is thus necessary to start with the general Mie regime taking into account all possible scattering sizes. 1 This work presents such formalism.
PHYSICAL DESCRIPTION
We would have our spherical scatterer placed at an arbitrary point away from the origin and the center of the beam as a general problem, which represents the real case when using the OT for force spectroscopy, 2 the description of our system is represented in figure 1 . The partial wave decomposition must be performed for an arbitrary origin and not at any convenient position of high symmetry points of the beam. Boundary conditions for the continuity of the electric and magnetic fields are thus imposed at the interfaces, where the electromagnetic fields of the incident optical beam are represented by: The problem now is to describe the electromagnetic beam in the focus as an exact solution to Maxwell's equations. Various schemes has been developed as the one proposed by Davis and Barton 3, 4 by taking the paraxial equation to higher orders to account for the paraxial limit, but only all the orders could satisfy Maxwell equations. The next step would be to adopt the representation by Richards and Wolf, 5 many years before, where they treated plane waves in an angular spectrum representation for an aplanatic optical system which is an exact solution of Maxwell equations. In this case we write the incident the beam was written as an angular spectrum of plane waves and due to symmetries of our problem we will write the electromagnetic fields of an incident arbitrary beam in cylindrical coordinates ) , , ( z ϕ ρ , with the origin at the center of the reference sphere of the focusing lens as,
and similarly for the magnetic field, ) , n the refractive index of the immersion medium. The far field in terms of an incident beam of an arbitrary polarization after an aplanatic lens is given by, 
Since the BSC does not depend on the radial component, the solid angle integration on the right side of Eq. (5) has to generate a spherical Bessel function over kr to cancel out. At this point several alternatives has been proposed, from the Localized Integral Approximation 7 whereθ is made equal to ½, which works well for beam waist near the off-axis position and anywhere on-axis and still has to be solved numerically over the objective numerical aperture ( α ). Other alternatives are time-consuming using either Finite Series Technique or Quadratures. We recently proved that it can be solved analytically 8 with the remaining numerical integral in α .
SOLUTION OF BEAM SHAPE COEFFICIENTS
Using the expressions for BSC Eq. (5) substituting with the field given by Eq.(2) the BSC are given by, We can now, after some algebraic manipulation and Bessel recurrence relation write the BSC in terms of the θ integral as, ( 
Note that the integral in Eq. (9) showed the emergence of the required spherical Bessel function, thus obtaining the final r-independent BSC expression in terms of a double integral of a general incident beam (general position, polarization and shape).
SPECIAL CASE: GAUSSIAN BEAM
The most common and experimentally convenient beam is the linear x-polarized Gaussian TEM 0,0 laser beam, this type of beam has azimutal symmetry and the electric field amplitude can be written as, 
NUMERICAL RESULTS
We applied this formalism to a Gaussian beam (λ=800nm), and an objective lens of NA = 1.25, and focal length f 
CONCLUSIONS
As a conclusion we presented a new exact and numerically efficient method for the evaluation of BSC for incident optical beams with respect to an arbitrary origin, polarization and amplitude in terms of experimental parameters. The description is presented only in terms of electromagnetic fields instead of Poynting vector or Intensity, making it compatible with electromagnetic vector diffraction problems. With this formalism, proper treatment of optical forces in OT can now be applied taking into account all electromagnetic effects near the trapped dielectric object. We emphasize that the integral (Eq. (9)) was fundamental for this development that dramatically simplifies the BSC calculation for an arbitrary translation. We remark that no assumption has been made for the size of the scatterer, thus making it adequate for the most general case of the Mie regime and readily applicable (in the case of optics). The framework of the formalism presented here can also be easily applied to general beams such as Laguerre beams, laser sheets, doughnut and top-hat beams, these types of beams will be deferred to a later study.
